The first part of the paper deals with the quantitative separation of gases by fractional adsorption, the theoretical conditions of which had to be investigated before a really accurate helium analysis could be undertaken.
Quantitative separation of gases by fractional adsorption
The aim of this part is to deal'with the quantitative aspect of the separation of two or more gaseous substances by fractional adsorption and desorption processes. It endeavours to show what relationships must be observed to obtain optimum conditions for the sorptive separation; what is the minimum number of adsorption units and operations, needed to reach a certain degree of purity in separating quan titatively two substances of known adsorption coefficients; and how to apply these deductions for the purpose of a quantitative analysis. This study of the mechanism of separation by fractional adsorption has been necessary during the development of a method for the quantitative determination of helium in a few c.c. of air, and wherever practical examples are required in this paper, these will be taken from experiments on the quantitative separation of helium and neon. The general equations, however, apply to any combination of two gases.
(a) Optimum conditions for a single adsorption unit
A single adsorption unit is considered to consist of a certain quantity $ of a solid adsorbent in contact with a vessel of volume V. Quantities A, etc., of one or more gases may be distributed in equilibrium between the two phases. The gases contained in the vessel V can be separated from the adsorbent, and removed from the vessel V (e.g. as shown in figure 2 by a system reminiscent of a Topler pump). The ratio of the concentrations cs and cv in the adsorbent phase and the volume phase respectively is generally governed by an equation of the Langmuir type:
However, the concentrations of the adsorbate occurring during-a micro-analysis are so small that kzcv becomes <| 1, thus cs = <xcv.
This form of equation holds good whether the concentration of the adsorbate is given in terms of surface area, volume, or weight of the adsorbent, or whether the pores and the dead space between the particles of a solid adsorbent are allowed for or not. These modifications affect only the numerical value of the adsorption coefficient a. The equilibrium distribution in both phases of a quantity A 0 of a gas A leaves in the volume phase the quantity A l = Vcv+V ScsA°= aA° ' (2a) and in the adsorbent A x = (1 -a) A 0.
The expression (3a) 1 + a will be called the distribution factor of this particular adsorption unit with respect to the gas A . A second gas B would, of course, have a similar distribution factor 6 = I W -
As long as the adsorbent is far from being saturated, the adsorption coefficients a and /? vary as a function of the temperature only, their ratio becoming more different from unity at lower temperatures. Therefore, if for experimental reasons a suitable 7-2 adsorbent and the lowest convenient temperature have been decided upon, the efficiency of the separation of the two substances A and depends only on the choice of the ratio S/V.
At this point the question arises as to the ' optimum conditions ' for the separation of two substances. The ratio S/V can always be chosen so larg any of the substance with the bigger adsorption coefficient left in the gaseous phase. However, the amount of the other substance, though considerably purified, would be exceedingly small, which circumstance would make this arrangement unsuitable for a quantitative separation. The best separation of two gases may be considered achieved when a maximum proportion of one of the substances would have to be transferred to the other phase in order to produce equal ratios of the two gases in both phases.* This condition, which is independent of the way in which the transfer is to be considered, indicates that, for optimum separation, the absolute value of (a -b) should be a maximum.
s Thus d(a -b) /dy = 0, the solution of which, in accordance with equation (3a) and (36) is This simple relation makes it possible to predict the most effective ratio of adsorbent S to volume V, if only the adsorption coefficients of the gases can be estimated, and thus obyiates much trial-and-error experiment. Equation (4), in combination with equations (3a) and (36), shows the interesting result th at the optimum arrangement corresponds to a + 6 = 1.
(6) Fractionation by a series of adsorption units If a series of adsorption units is used for fractional separation, the procedure followed may be compared with that of fractional crystallization. The gaseous phase is transported from one adsorption unit to the next, as are the precipitated products of fractional crystallization, both processes increasing the purity of the products. In the case of gases the adsorbent of the first stage is then again con nected with an evacuated space into which the gases initially adsorbed can again expand according to their distribution equilibrium; this process may be compared to the repeated concentration of the mother liquors in fractional crystallization, resulting in products of inferior purity, but increasing the yield. These procedures are repeated again and again, and the gas taken from any one stage is always com bined with the adsorbent of the next higher stage, in complete analogy with the crystallization process.
For simplicity, the sequence of operations is shown in table 1 for a single gas only (the same procedure and indices apply, of course, simultaneously to all the gases present in the mixture). The upper index gives the number of the adsorption unit in which the amount of gas is present, the difference between the gas part and the adsorbent being shown by the latter symbol in heavy type. The lower index marks the stage in the fractionation process-or the number of operations performed-a fractionation operation being considered complete after the transport of the gas phase to the next higher adsorption unit.
After the successive gas fractions have passed a number m of adsorption units large enough to ensure the required degree of purification, the gas fractions from the last adsorption unit, beginning with {A™+B™), are collected in a storage vessel.
A micro-analysis of the helium and neon contents of air 101 
AZ
Calculating the amount of gas A in the various units and stages of the fractionation process, the following general expressions are obtained for any value of the indices:
Similar equations are valid for any gas B.
(c) Optimum number of fractionations ( ) for a given number of adsorption units
The amount of gas A , A s, collected in the storage vessel after completing the nth. fractionation process (see table 1 ) is equal to the sum of the gas fractions of the last (rath) stage, beginning with the fractionation number ra up to
Similarly, the amount remaining in the fractionating system, A r, is equal to the sum of the end-fractions after n fractionations:
The corresponding formulae are valid for B s and B r of another gas B.
During the fractionation of two substances the end-fractions Fx which are collected in the storage vessel consist of a mixture of both substances
FX = A% + B%.
In the course of the process either of the quantities A m and B m rises, goes through a maximum, and falls again to zero. Therefore, if one plots the quantities of the endfractions Fx against the fractionation number x, a curve is obtained which has two maxima and one minimum (best seen in figure 1 a) showing the separation of helium and neon under optimum conditions using 4 adsorption units. Figure 16 , reproducing the same process with 12 adsorption elements, shows the much greater resolving power of a system using an increased number of units. From the way the indices were chosen, and from table 1, it is obvious that the first (ra -1) fractionations cannot give any end-fractions, as the gases must first pass through the w adsorption units before reaching the storage vessel.
The question now arises, after what number x of fractionations will an optimum degree of separation be reached? I t is obvious that, if the process is interrupted too early, the gas with the lower adsorption coefficient, say A , will not be completely contained in the storage vessel, though the gas there may be of very high purity; if the fractionation is continued too long, A s will nearly equal A 0, but in this case the 1&3 separated product will be contaminated by a considerable amount of the other gas B . One of these alternatives might be suitable if it were desired to obtain a quantity of one of these gases in as pure a state as possible. This, however, as pre viously stated, is not primarily the object of a quantitative analysis.
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It follows from equation (6) that the ratio of two subsequent fractions of a pure gas obtained from the last (mth) element has the value
As for n ^ 2 m the value of 2 is to a first approximation constant in the neighbourho of n, the sequences of end-fractions of the single gases in this region closely resemble geometric series. The sequence of fractions comprising the quantity A r still con tained in the fractionating system (equation (8)) is thus, according to the rules for summing convergent geometric series, approximately A m
while the quantity B s, contained as contamination of A (see equation (7)) in the storage vessel, is similarly
While equations (11) and especially (12) are hardly accurate enough to be used for correcting the analytical result of the fractionation by means of equation (9) (except if m is very large), it can be used to calculate directly the final fractionation number n which gives an optimum separation. Substituting A™+1 and B%+1 by means of equation (6), it follows for AA = Bs -A r = 0
It will be seen from the following that, if the distribution factors have been chosen according to the optimum conditions (a + 6 = 1), the last member of equation (13) becomes negligible, as z^ = ~~m + )* s ver^ n ber n, where the quantitative separation of the two gases is an optimum, is log; m I 1 +■ log y 1-6 1 +-logF" log j
or approximately
Equation (15) reveals the simple relation that, if A and B are present in quantities of similar magnitude, the number of fractionations is just less than double the number of adsorption units, whatever the individual adsorption intensities of the gases to be separated. This means that, under optimum conditions, the number of actual end-fractions is only about the same as th at of the adsorption units used for the fractionation. This relation is best illustrated in figure 1 , showing the endfractions of the helium and neon separation with 4 and 12 adsorption units. The end-points of the fractionation are reached between 6 and 7 and after 24 operations respectively. 
Unless the gases to be separated are present in quantities differing by orders of magnitude, the first expression in equation (18) If the attempt is made to transform equations (6a) and (66) by letting n approach infinity, the function of (A + A )m becomes discontinuous. B y using Stirling's formula for the factorials, equations (6a) and (66) can be changed into
It can easily be shown that the curved bracket of equation (6c) Thus the link-up with the theory of chromatography is complete, and it follows that the latter is actually a special case of fractional separation as described in this paper, which results from the employment of an infinite number of adsorption units. It is now possible to approach systematically the problem of a micro-separation by fractional adsorption of any two gases, if their adsorption coefficients a and /? are known. From the values of cc and /? there follows the optimum ratio of the quantity S of adsorbent to the gas space V of the adsorption unit by means of equation (4), whereupon the distribution factors a and 6 are obtained from equations (3a) and (36).
Thence, taking into account the relative occurrence of the two gases, the number of adsorption units m required to give the desired degree of separation can be estimated from equation (18), while the number n of fractionation operations is given by equation (14). As regards n, it is well, however, not to rely implicitly on the calculation, as small deviations from the optimum S/V, which are unavoidable in the construction of the fractionating column, may easily alter n slightly, without affecting noticeably the degree of separation. It is best to subject the two substances in the pure state to a fractionation with the completed apparatus, measure the endfractions separately, and decide on the most suitable end-point according to where B a -A r (see equation (9)) is a minimum. Figure 2 shows the lay-out of the main parts of the apparatus: (1) the pipette A which, at the same time, serves for the purification of the air from hydrogen (if any), oxygen and moisture, and which permits of a reasonably accurate determination of hydrogen and oxygen in the air sample; (2) the fractionating column . consisting of a number of adsorption units, only three being shown; (3) the storage vessel C for the purified helium (and neon respectively) in which the gas could afterwards be compressed into a small volume. To the storage vessel was fitted a small capillary for the spectroscopic investigation of the purity of the end-fractions from the fractionating column.
The helium and neon analysis of air (a) Method and apparatus
Other parts of the apparatus, not shown in the figure, are (4) a Pirani gauge, im mersed in liquid oxygen, in which the helium or neon was measured by means of its thermal conductivity; (5) a thermostat containing the arrangements for the expan sion and storage of the pure helium and neon, used for calibrating the deflexion of the Pirani gauge; (6) a modified Topler pump for pumping out and compressing the air from the sampling vessels and for transferring it into the gas pipette A .
(a) Treatment of samples. As mentioned in the preceding paper, it was neces sary to remove all the oxygen and carbon dioxide of the air on account of the primitive method of sampling used. The result of the analyses was therefore based on the ratio of helium to (nitrogen + argon); the proportion of the latter in dry air (0*7902) is considered by Krogh (1919) to be a geophysical constant (see also Paneth 1937).
After arrival, the glass vessels were opened under mercury, and the air was trans ferred into the analysing apparatus by means of a gas pipette. It was freed from C 02 and H20 by passing over solid NaOH and CaCl2 and then transferred to the gas pipette A . Oxygen, hydrogen and any organic gases if at all present were destroyed by an electrically heated copper wire, the products of the combustion (water and possibly C 02) being removed by means of specially dried NaOH and CaCl2 (see F and G in figure 2) .
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The combustion took place within the measuring pipette A which enabled the remaining gas pressure to be measured with an accuracy of 2 parts in 10,000, by means of a cathetometer. To obtain maximum accuracy the manometrie tubes of the gas pipette were made from the same piece of glass tubing (15 mm. diameter) which resulted in identical meniscus surfaces for both columns of mercury.
(/?) Hydrogen and oxygen analysis. In the case of air from balloon soundings a check was made on the hydrogen and oxygen contents of the air.
The hydrogen was burned by heating a spiral of palladized platinum wire (H) and the hydrogen content was calculated from the contraction of the gas. Then the copper spiral was heated to about 700° C which resulted in the removal of the remaining oxygen. From the result of both contractions it was possible to calculate the oxygen content of the air.
Analyses of pure air carried out in this way gave oxygen contents of 2 0 9 3 -20-96 % and no measurable quantity of hydrogen. If the sample was intentionally contaminated by hydrogen, the oxygen analysis gave consistently slightly lower values, approximately 20-90 %, if referred to hydrogen-free air. This may be due to the immediate adsorption of hydrogen by either the glass walls or the palladium, resulting in the course of the combustion in slightly lower values for both the hydrogen and oxygen contents. As most of the stratospheric air samples contained a small hydrogen contamination it was not possible to place any significance on the small oxygen deficits which were found in many samples.
(y) Fractionating column. The equations deduced in the preceding p art were applied to the construction of an apparatus for separating the helium and neon of a very small sample of air of approximately 2 c.c. n .t.p.
I t was found experimentally th at (8 = ) 2*5 g. of a hard nut charcoal (including the unavoidable dead space between the grains and the volume of the tube leading to the charcoal container) when cooled in liquid nitrogen, took up helium to the volume (ocS = ) 26-5 c.c. at 20° C, and neon to the volume (flS =)293 c.c. An adsorption unit containing 2-5 g. of this charcoal should therefore (according to equation (4) This gives optimum values of the distribution coefficients (according to equations (3a) and (36)) for helium a = 0-769 and for neon 6 = 0-231. To make the analysis as accurate as possible it was decided to keep the impurity of neon in helium below 0-5 %. The number of adsorption units (m) necessary to obtain this degree of separation can be calculated from equation (18), using rj -0-005 and A J B q = 0-29. This leads to m -12 adsorption units.
Actually the gas spaces of the constructed apparatus were somewhat smaller (approximately 75 c.c. on the average) than intended; the distribution factors of the apparatus had the average values of a = 0-740 and 6 = 0-205, as was found from the values of the end-fractions according to equation (6a). The difference (a -6), however, which decides the effectiveness of the separation was practically unchanged.
The number of fractionations (n) necessary to obtain optimum separation is given by equation (15), using m -12, and the actual v factors, resulting in n -24. It was therefore necessary to interrup after 24 fractionation operations and to add or subtract a small correction which, at any rate, was only a small fraction of 1 % of the total helium.
A single adsorption unit consists of a U -tube (U) filled with 2-5 g. of active charcoal, a glass vessel (I*) connected with this charcoal tube, and a second glass vessel V2 which is necessary for the transport of the gas from to the next adsorption unit. Both glass vessels can be filled with mercury from two reservoirs R1 and the level of the mercury being adjusted by the air pressures in Rx and R2 respectively.
The gas to be purified, entering the adsorption unit at the stopcock passes through the charcoal tube TJ cooled in liquid nitrogen into the vessel Vx, which is separated from the rest of the apparatus by'mercury, as shown in figure 2. If the gas consists only of a small amount of a helium-neon mixture, adsorption equilibrium be tween the charcoal and the gas phase of the vessel Vx is obtained in less than 5 sec., as could be shown by experimental separation allowing different times for the adsorption equilibrium to be reached. During the first adsorption, when nitrogen and argon were still present, 20 min. were allowed for the dissipation of the heat of adsorption.
After equilibrium has been established the mercury in is raised until it fills the whole space of
Vx and, as soon as the connexion with the charcoal tube is shut the mercury, the mercury in Tg is lowered to the level of the tube connecting it with Vv The purified gas formerly in Vx is thus transferred into the vessel B y raising the mercury in V 2 again this gas is transported into the next adsorption unit where a new adsorption equilibrium is reached. The two glass vessels and V 2 thus combine to work in a way similar to a Topler pump.
The fractionating apparatus consists of a series of adsorption units which are all operated simultaneously by means of the two mercury reservoirs R x and so that a single operation will transport the gas parts of all the twelve adsorption units to the next higher stage. Apart from the simplicity of the operation this method has the advantage that no stopcocks are used during the fractionation in the highvacuum part of the apparatus, which considerably increases the safety against undesirable leakages from outside.
By alternate raising and lowering of the mercury in the front and back rows of glass vessels the gas, originally in the vessel V v slowly travels through all the units of the fractionating column and finally arrives completely purified from all gases except helium in the storage vessel C, where it represents the first end-fraction. In the meantime, however, the charcoal tube U reaches equilibrium with the empty vessel Vx every time the mercury is lowered in the front row of vessels. This gas too is trans ported during the next movement into the second adsorption unit where after having been united with the residual gas of the second charcoal tube it expands into the emptied glass vessel V{. By the continuation of the described mercury move ments this fraction and all the subsequent fractions move from one adsorption unit to the next higher stage until they arrive in the storage vessel C. The process corre sponds exactly to the procedure outlined in table 1 and is quantitatively expressed in equations (6 a) and (66). The measured amounts of helium and, if the fractionation operations are continued too long, of neon, contained in the individual end-fractions can be seen from figure 16, and they closely conform to the figures calculated from equation (6a). Table 3 The last fractionation unit is separated by a mercury shut-off ( ) from the storage vessel C, in which the purified gas is collected. The shut-off is required to make the pumping action of the last unit more effective, and it is made from capillary tubing so as to reduce the dead space. The apparatus can be evacuated by lowering the mercury of so far that the slightly inclined tube T which supplies the mercury for twelve of the glass vessels, can be used as a wide and efficient pump connexion. Ne fraction calc, w ith 560 cm.
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Actually two gas wash bottles were combined to form one of the mercury reservoirs as can be seen in the photograph of figure 3 which shows the actual arrangement of the fractionating column. Almost the whole weight of the fractionating column with about 30 kg. of mercury was resting on the four internal seals of these gas wash bottles which, however, withstood this not inconsiderable load without a single mishap.
The charcoal U -tubes were arranged in such a position th at a group of four could be immersed in one Dewar vessel of 5 cm. diameter.
The working of the fractionating apparatus was relatively simple. Before the start the charcoal tubes were baked at about 300° C in the vacuum of a mercury diffusion pump. After cooling to room temperature the charcoal tubes were immersed in liquid nitrogen (the purity of which was tested with an oxygen vapour-pressure thermometer) and were allowed to stand for 10 min. Then the mercury in the front and back parts of the fractionating column was raised to the levels shown in figure 2. A measured sample of oxygen-free air was introduced from the pipette A by opening the stopcocks b and g leading to the first charccial tube. After 20 min. the fractiona tion operations were begun. Alternate raising and lowering of the mercury in two rows of the fractionating system caused the helium and a diminishing part of the neon of the air sample to be transported from one stage of purification to the next one until pure helium is delivered into the storage bulb After the 24th operation, i.e. after the 13th end-fraction had been collected in G, the fractionation of the helium was complete, the whole process taking exactly 48 min. The storage bulb Gw as then filled with mercury, and the purified helium thus compressed into a small space, ready for measurement.
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(8) Measurement of helium with the Pirani gauge. The Pirani gauge used for these measurements was similar to that described by Paneth & Urry (1931). It contained a small amount of active charcoal in the bottom of the U-tube through which the gas to be measured entered the gauge, thus safeguarding the vacuum in the gauge against gases (e.g. hydrogen) released by the glass walls or by the stopcock grease. In consideration of the increased accuracy required for the determination of very small differences in the helium content of air, the length of the gauge was increased so that the resistance wire was about 10 cm. below the level of the liquid oxygen surrounding the gauge. This reduced the zero creep of the instrument, caused by slow variations of the oxygen level, so much that it became unnecessary to use a second gauge for compensation in the Wheatstone bridge circuit.
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The measurement of the helium from the fractionation and of £he standard helium respectively were carried out in the usual way, with due consideration of the zero creep of the Pirani gauge. Afterwards, to make sure that the fractionation of the helium from air had been quantitative, a few more fractions were obtained by alter nate raising and lowering of the mercury in the fractionating column. Of these fractions, the 25th, 28th and 31st were measured separately. The knowledge of these figures eliminates the slight uncertainty as regards the factors and b and thus makes it possible to calculate the correction A A (see equ various circumstances, may alter slightly on different days. Calculation leads to the (semi-empirical) equation 1'78-E.r--2*7
which value has to be added to the helium of the first 24 fractionations. In the case shown in table 3, A A , according to equation (19), has a value of + 0-18 cm. deflexion, as compared with +0*23, which would follow from the com plete analysis given in columns 3 and 4. Out of a total deflexion of 275 cm., this represents 0*06 % of the total, i.e. an entirely negligible amount, as the galvanometer deflexion of a normal measurement cannot be read with such an accuracy.
Another simple check on the accuracy of the fractionation could be made by com pressing some of the 28th fraction into the capillary shown on top of the storage vessel C and by observing the neon spectrum excited by an external high-frequency electrode. In this spectrum the yellow helium line should no longer be observable.
(e) Calibration with pure helium. After complete removal of oxygen and measure ment of the pressure of the remaining nitrogen-argon mixture, the level of the mercury in pipette A and thus the volume of the pipette was fixed by closing stopcock c. The stopcocks b and g connecting the pipette with the fractionating apparatus were opened and the helium was fractionated off from the heavier gases and collected in c. After closing g, evacuating the pipette A through b and / , 6 and h were opened and the helium was measured by the galvanometer deflexion of the Pirani gauge. During this measurement the pipette A was connected with the gauge. Afterwards the pipette A (with b closed) was filled with pure helium of accurately known pres sure (approximately the same as the partial pressure present in the oxygen-free air of the pipette A), and the approximately equal deflexion of the galvanometer caused by this known amount of helium within the same volume served to calibrate the Pirani gauge. This standard helium was obtained by isothermal expansion from a large and accurately measured pressure in vessels calibrated by weighing with water and mercury.
To ensure that the Pirani gauge which was immersed in liquid oxygen showed the same sensitivity during the two measurements, the liquid oxygen level was kept in the same position by a constant supply of liquid oxygen dropping into the surround ing Dewar vessel from a second Dewar vessel with an outlet near the bottom.
The purity of the helium used for comparison was tested from time to time by subjecting it to the same fractionating process as was used for the air analysed. In this case the end-product of the fractionation process gave almost the same deflexion* in the Pirani gauge as an equal quantity of standard helium used directly without fractionation. In the case of neon analysis of air, exactly the same pro cedure was followed, by comparing the neon fraction with a known amount of pure neon. 
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The accuracy of the analytical procedure in the later stages of its development can best be judged from table 4 giving, apart from the London average, the figures of sixteen nearly consecutive analyses. (The sequence was occasionally interrupted to carry out analyses of stratosphere air.) The standard error of the individual determ ination is 0*008 p.p.m. or 0*15 %* of the helium, and the fluctuations nowhere exceed t wice this value. The average helium content obtained from all these analyses is 5*239 x 10-6 c.c./c.e. w ith a probable error of ± 0*002 x 10~6 or 0*04 % of th e absolute value. Systematic errors introduced by the calibration of the apparatus are of the same, if not smaller, magnitude; thus the error of the average value is not likely to exceed 0*004 x 10~6. 
(d)T he neon content of air
Though the apparatus described was constructed for the fractionation of helium from a helium-neon mixture, it could, with slight modifications in the procedure, be used for the separation of neon from the rest of the gases contained in air. The gas with the next higher adsorption coefficient from which neon has to be separated by fractional adsorption is hydrogen. Although hydrogen should not be present at all in the air after combustion on copper oxide, there is always a small amount of hydrogen released by or diffusing through the glass walls of the apparatus, sufficient to cause serious errors, unless the neon is purified by fractionation. The influence of traces of hydrogen in the neon would have been particularly disturbing, as the measurement was done with a Pirani gauge which is very sensitive for hydrogen on account of the high accommodation coefficient of the latter.
As, however, the adsorption coefficients of hydrogen and neon (aNe/a H = approx. 0-013) differ much more than those of helium and noon (aHe/aNe = 0-09), the number of adsorption units used can be reduced in order to decrease the number of fraction ations, and thus the time required for the separation. Moreover, the larger absolute values of the adsorption coefficients make it necessary to reduce the amount of cooled charcoal in proportion to the volume of the glass vessels (see equation (4)). For the same reason also the temperature of the bath was raised by using liquid oxygen instead of liquid nitrogen.
The procedure was as follows: The helium was fractionated off in the usual way by means of 24 fractionations. To save time in the subsequent fractionation of the neon, the liquid . itrogen was removed from the first four charcoal tubes already after the 16th fractionation, which no longer affected the helium end-fractions. The first of these charcoal tubes, which for this purpose was made longer than the others (see figure 3) , was cooled in liquid oxygen to about one-fifth of its length, so as to retain the bulk of the heavier gases (nitrogen mainly). After the 20th fractionation the cooling bath was removed altogether from the second set of four charcoal tubes, and, after the 24th fractionation, the liquid nitrogen cooling the last four tubes was replaced by liquid oxygen, the tube? being immersed to only one-fifth of their length in the cooling bath. Thus only the first charcoal tube and the last four units were used for the fractionation of the neon from the heavier gases. Calculation by means of equation (18) shows that impurities of hydrogen remaining in the neon after a five-unit fractionation must be less than 0-02 % of the latter.
As the depth to which the charcoal tubes were immersed was in this case not well reproducible, the end-point of the fractionation was found separately for every determination. After the removal of the helium (fractionated off during the first 24 operations), the next 14 fractions (neon) were collected and measured against a known amount of neon. Then the fractionation was continued, every end-fraction being measured separately (with increased amplification of the Pirani gauge). In one analysis of the neon content of air, for example, the bulk of the neon (from the 14 end-fractions mentioned) contained 93-84 % of the total neon, while the subsequent end-fractions were 4-05, 1-63, 0-39, 0-07 and 0-02 % of the total neon. The rate at which these fractions are falling off gives a safe indication that all the neon has been completely extracted and measured, and that no impurity of a more strongly adsorbed component can have been present in the end-fractions.
Three independent successive determinations carried out in this way gave the following values for the neon content of air: 1-815 x 10~5 1-820 x 10-5 1-828 x 10"5 A micro-analysis of the helium and neon contents of air averaging 1-821 + 0-004 x 10~5 c.c./c.c.
(e) Comparison with earlier helium and neon determinations in air
I t is of interest to compare the method and results with those of earlier investi gators. In the whole literature there seems to be only one single analysis of helium and neon in air, done by Ramsay (1905 Ramsay ( , 1908 , in which a complete separation of helium and neon from air has been attempted. As here, the fractional adsorption on active charcoal at low temperatures was employed, but the quantity of air used by Ramsay was about 5000 times bigger.
Later workers (Claude 1909; Watson 1910) avoided separation of the helium-neon mixture, but measured the sum of helium + neon and estimated the helium-neon ratio by determining the density of the gas mixture.
A partial separation of a well-defined ratio of the helium in air (Gluckauf 1944) has been used during the earlier stages of this work to determine the absolute value of the helium content of air with relatively good results, but the method, which gave a standard error of about 1 %, was later abandoned in favour of a complete separa tion. The value of 5-27 + 0-05 x 10~5 given by Paneth & Gluckauf (1935) is based on the earlier method. The analytical figures are compiled in table 5. Considering th at W atson's single estimation is based on the technical separation of gases during liquid-air manu facture, and is described by him as 'one of great difficulty', the agreement of his more than 30 years old figures, especially that for the neon content, with the values given in this paper is remarkably good.
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